Abstract. This paper briefly introduces the development and the application of cable crane. And the composition of running gears and walking principle are introduced in details. At the same time, cable crane load conversion device as an important part of it, this article has carried on the detailed introduction and analysis to it. According to the contact analysis of ANSYS for load conversion device support frame, and compare the result of the analysis under different mesh size. We can definitely know the stress distribution of support frame structure, force transmission characteristics and the analysis results are influence by mesh size. Meanwhile, it proved that contact analysis can better response to the structure actual stress state.
Introduction
With the constant improvement of bridge design and construction technology; Long span bridges have developed rapidly in recent decades and suspension bridge is one of the fastest growing types among them [1] . Suspension bridge can be divided in two main types according to its anchoring system; they are earth-anchored suspension bridges and self-anchored suspension bridges. The earth-anchored suspension bridge load generated by superstructure were delivered to gravity anchor or tunnel anchor by main cable and then passed to earth. The self-anchored suspension bridge which main cable anchor on the ends of its stiffening girder directly, leave out the anchorage system; with the girder bear the horizontal component of cable tension from the main cable [2] . At present, suspension bridge is widely used in highway and railroad because it has beautiful shape, strong spanning ability and can make full use of material strength. Such as Yangsigang Yangtze River Bridge and Wufengshan Yangtze River Bridge are under construction. Yangsigang Yangtze River Bridge is a two-tower earth-anchored suspension bridge with a span layout of 465m+1700m+465m.The sag span ratio of main cable is 1/9, and the transverse spacing between the two main cable is 28m. The main stiffening girder uses truss structure with a height of 10m and the main truss center spacing is 28m. There are four stiffening girder types JJL1 to JJL4, JJL1 is the heaviest of all with the weight of 1050 tons. The biggest swing angle is 15°.
Cable crane as a special machine for erection stiffening girder of suspension bridge. It supported on two main cable and then moved on the specified location lifting beam. According to the different engineering conditions which can be lifting beam and walking on the main cable at the same time.
Cable crane model of LZDJ5000 has the largest lifting capacity at present, which was used in Wuhan Yingwuzhou Yangtze River Bridge. Rated load is 500 tons. It mainly consists of one steel truss beam, two walking device, load lifting device and control system [3] . In order to satisfy the lifting needs of Yangsigang Yangtze River Bridge stiffening girder. Cable crane rated load is 1300 tons as design, the self-weight of structure about 380 tons at preliminary design and the rated load is 2.6 times of LZDJ5000. Consequently, along with stiffening girder of suspension Bridges increased in size and weight, the structures of cable crane have higher request for carrying capacity, security, reliability and economy, etc. Walking device as one of the most important mechanical equipment for cable crane, it will bear the whole load that transfers by the main steel truss beam of cable crane, and then highlight the important position of running gear when we design the structures of cable crane.
Component and Walking Theory of Cable Crane Running Gear

Component of Running Gear
There are two main types of running gear for cable crane: walking-type and roller-type. It mainly considers that cable crane walking on the tilt main cable whether can smoothly across the obstacles on the cable, such as cable clamp, cat way, etc. The walking type running gear is mainly composed of the main body, the guide rail, the walking traction device, the guide rail walking jack and the load conversion jack. Roller-type running gear mainly consisted by the main body, wheels, walking traction devices, load conversion jacks, small winch and other components. The roller type walking mechanism is a full symmetrical box structure, which can realize the reverse walking by changing the position of the traction device and the small winch. Roller-type cable crane with a total of eight wheels, each running gear to install four wheels, and the wheels of the same running gear powered by a hydraulic pump station. Each wheel can rise and fall independently, and can also be combined to rise and fall to adapt to different walking conditions. Each wheel has an appropriate clearance in the axial direction, which can automatically compensate the error of the main cable spacing [4] . Roller type running gear is shown in Fig. 1 . 
Roller-type Cable Crane Working Theory
Roller-type cable crane is walking after the support boots or hoop devices are completely suspended, and the crane will gradually convert the load to the wheels. The Wheel main cable as the track, through the traction device to roll forward or backward. When the crane over the cable clamp, through the load conversion jack alternately extend or retract stroke to control the roller group lift and drop and the whole walking process is realized. Cable crane on the main cable adopts "roller walking" approach can effectively improve the walking speed and reduce the machine center of gravity. Cable crane across the cable clamp can be divided into the following steps to illustrate [4] .
Firstly, the hoop device of the walking mechanism is released, the load conversion jack extend stroke, the overall height of the cable crane to ascend, and all the weight of crane is borne by the wheels. Secondly, the first wheel enhances the height to be able to cross the cable clamp is appropriate. And then the traction device repeatedly stretched, driven cable crane along the main cable to move, when the first wheel cross the cable clamp, the first wheel down and force. Finally, the second wheel raise and prepare to cross the cable clamp, and repeatedly the previous steps to complete the crossing of all the wheels. And the load conversion jack retract stroke after cable crane running to the specified location, cable crane down to the main cable, completion of the force conversion, installation hoop device, prepare for the lifting of stiffening girder and finally the girder is hoisted. The wheels number is shown in Fig. 2 . 
Load Conversion Device of Cable Crane Running Gears
Travel mechanism load conversion device mainly consists of the support frame, jack connection shaft, walking wheel, walking wheel shaft, jack piston and other components. The walking mechanism load conversion device is shown in Fig. 3 . 
Calculation of Running Gear Load Conversion Device Contact Analysis of Load Conversion Device Support Frame
Introduction to ANSYS Contact Analysis. ANSYS contact problems are divided into two basic types: the contact of the rigid body and the flexible body, the contact between the semi-flexible body and flexible body. There are three kinds of contact modes: point to point contact, point to surface contact, and surface to surface contact. The analysis using surface to surface contact. When two boundary conditions are involved, one of the borders is used as the "target" surface and the other boundary as the "contact" surface. In the contact analysis, the concave surface is usually used as the target surface and the convex surface is the contact surface. The contact surface is combined with the target surface as a "contact pair". In ANSYS, TARGE169 and CONTA171 or 172 are used to define 2D contact pairs, and TARGE170 and CONTA173 or CONTA174 are used to define 3D contact pairs. Typical surface to surface contact analysis step is divide into : (1) modeling and meshing; (2) identification of contact; (3) define the target surface and the contact surface; (4) set the unit key points and real constant; (5) give the necessary boundary conditions; (6) define the solution options and load steps; (7) solution and check the results [5] .
Support Frame Modeling and Meshing. The solid model of the support is created by SolidWorks software, and then the SolidWorks file is saved as a Parasolid (* .x-t) file (the support frame should be properly processed before converting the support frame to the Parasolid (* .x-t) file, such as deleting the data that does not affect the calculation or less impact on the calculation to get better mesh quality. For example, chamfers, bolt holes, etc.) and import ANSYS software. The Solid 185 element using in the mesh of support frame, jack connection shaft, and walking wheel shaft using Solid 187 unit. In order to increase the convergence speed and grid quality of the structure, the mesh is used to generate the hexahedral element (VSWEEP), and the jack is used to form the hexahedral element. The unit dimensions of the jack connecting shaft, the walking wheel shaft and the near of shaft hole are all 0.01 m, and the remaining unit sizes are 0.01 m, 0.02 m and 0.04 m, respectively. And in order to understand the impact of the contact part unit size on the contact stress, one of the models unit size of all 0.02m. The material properties and dimensions of the components are shown in Table 1 and Table 2 , respectively. The grid size and the number of units are shown in Table 3 . The solid model and the mesh of support frame are shown in Fig. 4 (a, b) . Boundary Conditions and Loads. The walking mechanism load conversion device support frame is connected with the running wheel and the jack piston through the running wheel shaft and the jack connecting shaft respectively. The upper load is transmitted through the jack piston to the jack connection shaft, the jack connection shaft is passed to the support frame, and the support frame transmits the load to the running wheel through the walking wheel shaft, and the wheel finally passes the load to the main cable. According to the transmission path, characteristic and boundary condition of the load conversion mechanism of the running gear. The constraint of X and Z direction is applied on the outer surface of the vertical plate of the support frame, and the full constraints are applied at the contact part between the walking wheel shaft and the walking wheel. Apart of the jack connection shaft is removed to apply the load that delivered by the upper structure. Then, establish the contact pair, the concave surface as the target surface, convex surface for the contact surface. The target surface element is TARGE170, the contact surface element is CONTA174, the friction coefficient is 0.15, and the rest adopts the default value. According to the "Design rules for cranes" (GB3811-2008), the self-weight vibration load impact coefficient φ 1 is 1.1, lifting dynamic load factor φ 2 is 1.2 [6] . The loading area is A = 0.05 × 0.112 = 0.0056m2. According to the walking principle of cable crane, this paper takes the no-load walking of cable crane as an example to analyze. When the walking mechanism has only two wheels loading, the most unfavorable condition is obtained. The uniform load applied on support frame: P=1.1×380×104÷ (8×0.0056) =93303571 Pa.
The boundary conditions, the applied load and the contact are shown in Fig. 5 (a, b) . 
Solution and Result Analysis
This analysis is static analysis, belonging to the small strain. In order to make the results as soon as possible convergence should be set reasonable solution control parameters. The time at the end of load-step is 20, and the automatic time step option is selected by the program (the number of sub-step defaults is 1 when the automatic time step is used). The remaining solution options use the system defaults, then solve and get the results. According to the four kinds of meshes listed in Table 3 , four kinds of meshes are solved respectively, and the four different forms displacement and stress are summarized and the results are shown in Table 4 . According to the statistical results, the maximum displacement of the four forms is about 0.6mm, and all the meshes of the support frame displacement is very close and are in the jack connection shaft; the maximum stress is 380Mpa, appeared in the support frame vertical steel plate and horizontal steel plate connection Corner, the maximum stress in the form of 2, 4 also appears here, the maximum stress in the third case occurs in the jack connection shaft. According to the change of the maximum stress of the support frame, the stress is very close when the corner unit size is close, and the stress at the corner decreases rapidly when the size of the corner increases. When the element size is 0.01m, the stress at the moment is 1.5 times that of 0.02 m, and the maximum stress at 0.02 m is 1.48 times that of 0.04 m.
By comparing the maximum stress of the connecting shaft hole, axle hole, connecting shaft and axle, the maximum difference of the stress of the same type is about 1.23, 2, 4 different types of stress maximum ratio of about 1.29 and 1, 2, 3 cases are approximately the same.
By comparing the contact total stress the case of 1, 2, 3, when the contact unit size is the same, the total stress of the contact increases with the unit size of the remaining parts. Through the comparative analysis of the situation of 1 and 4, the contact stress increases with the increase of the contact element size, which can be in accordance with the above rules.
The finite element analysis results of all 0.02m meshes are as follows: It can be seen from Fig. 6 (a, b, c) that the total displacement and strain maximum of the support frame are DMX = 0.000558m, SMX = 0.00123m; the equivalent maximum stress value SMX = 253Mpa; the results are consistent with the data in Table 4 . The location of the maximum value and deformation law are the same as the above. It can be seen from Fig. 7 (a, b, c) that the maximum value of the contact status SMX = 3, the minimum value SMN = 1. It indicates that there is a sliding contact in the contact position, the maximum sliding distance SMX = 0.0447mm, located in the contact edge of the jack connection shaft and the shaft hole, which is in accord with the actual deformation. The maximum penetration of the contact is SMX = 0.0119 mm, indicating that there is penetration in the contact position. We can see from Fig. 8 (a, b) that the displacement and stress of the jack connecting shaft and wheel shaft are in accordance with Table 4 . Fig. 9 (a, b) shows that the contact friction stress maximum SMX = 6.58Mpa, contact total stress maximum SMX = 183Mpa, while through the comparative analysis of the contact contour distribution in the contact position of Figure 8 and Figure 9 , it can be seen that the stress distribution in the contact position is homogenous, and consistent with the deformation of the actual structure [7] . 
Conclusions
In this paper, the composition and principle of the load conversion device of the cable crane are described in detail. Through the finite element analysis of the support frame, the influence of the mesh size on the structure calculation is verified. In order to obtain more accurate and reasonable analysis results, the mesh size of the important parts of the structural should be optimized. By analyzing the deformation, stress, strain and contact contours of the FEA results. It can be seen that the boundary condition of the analysis is in accordance with the actual constraint condition of the structure. The contact constraint between the jack connection shaft, the walking wheel shaft and the support frame can accurately respond to the stress distribution and the actual stress state of the contact position, and can achieve a good force transmission effect. Finally, the analysis results can meet the needs of practical engineering, and provide a theoretical basis for the design, optimization and application of the structure.
